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What does a coccolithophore
bloom do to ocean color?
Biogeochemical consequences?
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First look... MODIS coccolith concentration
(2 band algorithm) April 11, 2000

Pretty much as expected...coccolithophore blooms
are patchy in space and time!




Re-scaled MODI S coccolith concentration

These concentrations are very reasonable
..but how to seatruth area bloom???




Challenges for Remote Sensing

of Coccolithophores
Fimd coccolithophore blooms
Make sea-truth optical measurements under clear
sKIes.
Compare MODI S estimates to shipboard results

for estimates of accuracy, precision and
sensitivity

Given occurrence of one coecolithophore bloom
in the Gulf of Maine in the last decade,

probabil ity ofpredicting onetn advance in order
to schedule shiptime.on Clear days is amost nil!




Solution: “Make your own bloom

Ground Cretacious coccolith chalk Is
avallable with various grades of refinement

Coccoliths are highly efficient scatterers
(1.e. alittle ground chalk goes along way)

One needs about 58g CaCO3 per m? to
equal concentrations found in the
spectacular N. Atlantic features, 8 g CaCO,
m2 will"make a bright feature.




Cal culations and assumptions

Using standard wake dispersion calculations
Pased on cross-sectional area of submerged
hull, and speed.

Final Pl C concentration of 8g CaCO3 m-
will beused with atarget patch size of 3km?>.

Total required PIC will be 25 metric tons

With ahorizontal eddy diffusion coefficient
of 104em? s, one 3 km linewill diffuseto
~300m widthin 1/2 d.




M ore calculations/assumptions

e Primary stock will be 210kg m (21% by
wt, or ~2M). Chalk slurries of 60% (~6M )
are possible!

o PICwill initially be dispersed over top 3m
(2.8 g CaCO, m)
« With a 30m mixed layer, when PIC is

eventually dispersed homogeneously, final
concentration will be ~0.3'g CaCO, m>.




Optical Consequences

e Ghlorophyll a=0.1 mg m

e |nitial expected optical propertiesin wake:
R0 e = ~0.1 m!; R, = ~0.26 (assume
Q=711 and egns of Gordon et al., 1988)

 Final optical properties (mixed over 30m):
e The plan will be to provide sea-truth for

overpass, and watch the optical evol ution of
the feature overitime.
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Specific scattering coefficient of
ground Cretacious chalk

\

E.huxleyi field coccoliths (550nm)

Iceland coccolithophore bloom CaCO4

oncentrations up to 3.3x1072 mol m™3




Proof of concept:
Purchase 1 Ton of Chalk
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CaCO, seawater slurry prior to release




Dispersing chalk




Patch after 1/2 h
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Horizontal Distribution of Patch




~ Vertical profilesbb470 in patch




Wavelength dependence of bb




Next step

* Need for a scaled-up experiment
=Define mixing scales
—Optical scales
—Time scales
—Space scales

e 0.9 Tons of chalk |eft...




Initial Deployment of 0.9T chalk
In offshore waters




Hosing down between
chalk batches




Finisning 0.9T patch




Vertical bb profilesin patch




Vlevv of 0.9T patch from 6,500ft
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555nm reflectance measured
from boat
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Profile 2.75 h after chalk dispersal
(upcast)

Integrated CaCO3 concentration=
0.0378 mol/m?

For a patch of 0.252 km2, total mass of
chalk = 0.95 ton




Plans

e Firstfull-scale Chalk-Ex August 3-14, 2000
we'wlil take 25 tons of chalk aboard R/V Cape
Hatteras to blue oligotrophic waters to create
a 3 km? patch.

= 9ad\window for aclear day, and 3d of 9d to lay

patch, and follow the optica evolution.
— Wil collect IOP s and AOF's, discrete samples.
— Hoping Frank Hoge can provide arcraft coverage.

— US Coast Guard, Army Corps, and US EPA have
all been consulted in planning thisexperiment!

e Barring anyreal coceolithophoreblooms, we
will repeat experiment in 2001. Thank you!




